On the present contract, three broad areas of work are emphasized:
I. The development of thermal stress models in order to understand the detailed parameters which generate buckling stresses, and the application of these models to the development of new lowstress design concepts.
2. Experiments to increase our understanding of the effects of various parameters on the web growth process and to complement and verify the results of the modeling effort.
3. The construction and utilization of an experimental web growth machine which contains in a single unit all the mechanical and electronic features developed previously so that experiments can be carried out under tightly controlled conditions.
The principal objective of this work has therefore been to expand our knowledge and understanding of both the theoretical and experimental aspects of the web growth process to provide a solid base for substantial improvements in both area throughput and web crystal quality, and to develop the tools necessary to carr y euL this objective.
During this reporting period, the model was used to test the effects of melt level on growth behavior and to generate a new lowstress growth concept. A width-limiting version of the low-stress J460
design was tested experimentally. The changes in the y-stress components near the interface are more evident but still relatively small. The three cases are shown in Figure 3 , where it can be seen that as the melt level falls (LIN increases), the y-stress on the ribbon centerline decreases slightly and the maximum value at about 0.5 cm also decreases. Although the viscoelastic deformation process is too complex for a detailed prediction of the resulting residual stress, intuitively it would appear that the lower melt levels would produce lower stresses. Inspection of the curves in Figure 3 shows that, while there is some difference between the three cases, the differences in fact are relatively minor, and it may be that the resulting stress differences will be too small to be clearly evident in the material measurements. In fact, the J460 material that has been evaluated all shows very low residual stress, and differences between material grown at high melts and that grown at low melts are small. This data should be recov^trable from a study of decanted webs, and such a study is planned.
Low-Streas Designs
In addition to doing parametric studies on existing designs, some modeling work was done on the development of concepts for further stress reduction.. Following indications that a higher +shield stack reduced the buckling stress, a design with a 5 cm high stack was evaluated. The resulting (aT)" plot is shown in Figure 4 for one of the models that was run. The maximum in (aT)" is only 1.1 x 10 -4 cm 2.
which is much smaller than values found for previous configurations.
The reduction in (aT)" is reflected in the delta x-stress distribution as shown in Figure 5 . The "far maximum" in the delta x-stress ras been reduced to about 110 Mdynlcm 2 and is in fact less than some of the stress maxima nearer the interface. Future design efforts will be directe,' toward further reduction in stress, but with emphasis on these "near" maxima in addition to the "far" maxima. When sufficiently good results have been achieved, then more complete analysis will be performed, including the buckling calculations, and an appropriate hardware design will be formulated.
Experimental Web Growth

Growth Experience
A width control version of the low-stress J460 configuration, New lower stress design concepts will be evaluated with the models and the most promising fabricated for experimental testing.
Parametric sensitivities will be tested with the model in order to access the factors which may be appropriate for dynamic trimming of the growth system. Experimental work will continue with the J460L configuration to optimize the parameters related to steady-state growth. 
